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Abstract 
 
The work presents the effect of cerium mischmetal used in quantities of 0.1 and 0.2 wt-% and ferrosilicon used in quantities from 0.5% 
to 1.5% on the alloy matrix and the shape of graphite precipitates in the low-aluminium cast iron from seven heats, basing on the 
examination of its structure. The hypereutectic cast iron of the relatively high carbon content (4.0÷4.2%) at the prior-to-treatment silicon 
and manganese content equal to ca. 0.6% and ca. 0.04%, respectively, has been examined. 
It has been found that the performed treatment leads to the change in the alloy matrix from the nearly almost pearlitic to the ferritic-
pearlitic one accompanied by changes in the shape of graphite precipitates. Due to applying both of the mentioned substances in the above 
stated amounts the graphite precipitates in cast iron have taken the shape of nodular and vermicular ones, and no presence of flake graphite 
has been revealed. A quantitative analysis of the performed treatment i.e. determining the fractions of graphite precipitates of different 
shapes has been possible by means of a computer image analyser. 
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1. Introduction 
 
Aluminium can be introduced into the cast iron in quantities 
up to about 3%. This alloy addition causes for example an 
increase of fire resistance of cast iron in the atmosphere of air and 
sulphur compounds, an increase of corrosion resistance in liquid 
non-ferrous alloys, an increase of vibration damping 
properties/ability. It can also efficiently replace silicon in the 
graphitisation process [1]. Despite the increase of allowable 
working temperature for cast iron castings corresponding to the 
increase of aluminium content, a significant attention is 
simultaneously paid to the low-aluminium cast iron, optionally 
containing other alloy elements, as chromium, silicon, or copper. 
The fire resistance of cast iron depends not only on the 
content of appropriate elements, but also on the shape of graphite 
precipitates. The most advantageous ones are nodular or 
vermicular precipitates. Producing the nodular aluminium cast   
iron, however, is not a simple task, because aluminium suppress 
the spheroidization of graphite [1-10]. As it has been stated in 
Ref. [1], this spheroidization-hindering behaviour of aluminium 
results from an increase of maximum eutectic crystallization 
temperature TS while this element is present in the cast iron. 
The previous work concerned with spheroidization of 
low-aluminium silicon-containing cast iron [1, 11] has been 
centred around examination of the hypereutectic alloy exhibiting 
the eutectic saturation degree value SC from about 1.2 to about 
1.5. The content of basic element in the cast iron after performed spheroidization and graphitising modification has fallen within 
the following ranges: Al = 2.6÷3.4%; C = 2.8÷3.4%; Si = 
3.3÷4.2%; Mn ≈ 0.1%; P = 0.03÷0.08%; S = 0.003÷0.009%. 
Having examined the graphite precipitates it has been stated that 
 
Table 1. 
Chemical composition of the examined cast iron and the quantities of cerium mischmetal and ferrosilicon used for its treatment 
Quantity used for treatment 
[wt-%] 
Chemical composition of cast iron 
b)  
[wt-%]  Heat No. 
Cerium 
mischmetal  FeSi 75%  C  Si  Mn  Al 
Sc
c)
0
a) -  -  4.28 0.58 0.04 2.94 1.25 
1  0.1  0.5  4.20 0.93 0.04 3.25 1.29 
2  0.1  1.0  4.11 1.29 0.04 3.10 1.30 
3  0.1  1.5  4.02 1.54 0.04 3.10 1.30 
4  0.2  0.5  4.14 0.96 0.04 3.47 1.30 
5  0.2  1.0  4.10 1.37 0.05 3.23 1.31 
6  0.2  1.5  3.92 1.87 0.05 3.43 1.34 
a) the cast iron of the heat No. 0 has not been treated; 
b) the content of the remaining elements: P = 0.025÷0.043%; S = 0.01% (cast iron of the heat No. 0) and S ≤ 0.0041% (cast iron of  heats 
No. 1 – 6); degree of eutectic saturation Sc has been calculated by means of the formula [14]: 
Al S Mn P Si
C
S
C
c 22 . 0 40 . 0 027 . 0 33 . 0 3 . 0 25 . 4 − − + − −
=  
where: CC – total content of carbon in cast iron; 
Si, Mn, Al etc. – total content of Si, Mn, Al etc. in cast iron in % 
 
 
the maximum degree of graphite spheroidization [12], at the level 
of up to about  50%, is achieved for combined treatment with 
cerium mischmetal addition in the quantity of 0.11% and 
75%  ferrosilicon addition in quantity of 1.3%. During  the 
experiment    [1] the cerium mischmetal quantity used for the 
low-aluminium cast iron treatment has been changed from 
0.05% to 0.5%, and the ferrosilicon quantity ranged from 0.3% to 
1.5%. It is worth noticing that the relatively high SC coefficient 
has resulted from the significant silicon content in the cast iron. 
The considerably lower values of the degree of 
spheroidization, reaching only 20%, have been obtained when 
cerium mischmetal has been used for the treatment of 
hypoeutectic low-aluminium cast iron (SC  ≈ 0.9) [13] containing 
the basic elements in the following quantities: Al = 3.5÷3.6%; C = 
2.1÷2.2%; Si = 3.3÷3.5%; Mn ≈ 0.2%; P = 0.05÷0.06%; S = 
0.010÷0.012%. The quantities of cerium mischmetal used for 
spheroidization have ranged from 0.-5% to 0.20%. 
 
 
2. Authors’ investigations 
 
The previous investigations [1, 13] have allowed to accept as 
reasonable further determining of possibility of obtaining nodular 
or vermicular graphite in hypereutectic cast iron where carbon 
content is relatively high. Additionally, it has been assumed that 
the silicon content should be restricted to 0.6%. Further assumption 
has been made that the cast iron will be treated with cerium 
mischmetal added in quantities of 0.1% or 0.2 % and graphitised 
with ferrosilicon additions equal to 0.5%, 1.0% or 1.5%. 
The “initial” cast iron has been heated in the medium 
frequency induction furnace with crucible capacity of about 8 kg. 
The charge has consisted of special foundry pig iron which has 
been melted and overheated up to the temperature of 
1400÷1410ºC. Then an aluminium charge has been introduced 
under the molten metal surface, being fixed to the steel bar. After 
stirring the melt and careful skimming the cerium mischmetal and 
the 75% ferrosilicon have been added to the cast iron at the 
interval of four minutes. Then, four minutes after the graphitising 
modification, cast iron has been poured out directly into the 
prepared sand moulds and the die (for the purpose of achieving 
the white iron structure for spectrometric analysis of chemical 
composition). Specimens of 20 mm diameter have been also cast 
from each heat. 
Table 1 shows the quantities of cerium mischmetal and 
75%  ferrosilicon used for treatment of the cast iron during the 
subsequent heats and chemical compositions of the obtained material. 
Metallographic examination has been intended to assess the 
cast iron matrix according to the standard PN-75/H-04661 “Grey, 
nodular, and ductile cast iron. Metallographic examinations. 
Structure describing” (Table 2). 
 
Table 2. 
Assessment of the metal matrix of the examined cast iron 
Heat No.  Metal matrix 
0  P85 / Fe15 
1   P6 / Fe94 
2   P6 / Fe94 
3   P6 / Fe94 
4  P70 / Fe30 
5  P45 / Fe55 
6  P20 / Fe80 
 
The shape and the size of precipitates in the cast iron from the 
heat No. 0 and the cast iron microstructure is shown in Fig. 1. 
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b) 
Fig. 1. Cast iron from the heat No. 0;  
a) shape and size of graphite precipitates (non-etched 
microsection, magn. 100×; b) cast iron microstructure 
(microsection etched with Nital, magn. 400×) 
 
The assessment of effectiveness of the performed cast iron 
treatment with regard to the change of the shape of graphite 
precipitates has been based on the results of quantitative 
examinations held by means of the computer image analyser 
(Leica-Quantimet 570 Color co-operating with Metaplan  2 
microscope). For each graphite precipitate the shape factor F has 
been found, calculated as the area divided by squared perimeter of 
the precipitate. Such determined F factor takes the value equal to 
0.0796 for a circle, 0.0625 for a square, 0.048 for an equilateral 
triangle. Usually it is assumed that vermicular precipitates exhibit 
the shape factor F between 0.02÷0.03 and 0.05÷0.06. It is also 
common to assume that the graphite precipitates are nodular if 
their F value is greater than 0.05÷0.06. In references [1, 11] the 
limit value has been assumed as 0.04. 
Table 3 gives the areas occupied by graphite precipitates of 
shape factor falling within some assumed ranges for each of the 
examined cast irons. It also shows the total area occupied by 
graphite precipitates in cast iron from each of the heats. 
 
 
 
 
Table 3. 
Areas occupied by graphite precipitates of the shape factor F 
falling within the assumed ranges in terms of the percentage of 
total area occupied by graphite precipitates, and the latter area 
related to the measurement field area 
Area of graphite precipitates [%]  
in cast iron from Heat No.  Level 
No. 
Range of 
shape 
factor F  0 1 2 3 4 5 6 
1  F < 0,02  88,58 37,36 32,06  18,00  27,85  19,79 16,35
2 
0,02 ≤ F < 
0,06  11,19 54,85 52,54 57,84 56,98 61,30 67,84
3  F ≥  0,06 0,23 7,79  15,40  24,16  15,17  18,91 15,81
4  F ≥0,04  2,73  29,29 39,66 51,37 43,57 47,61 50,03
Total area of 
graphite 
precipitates [%]
15,70 8,79 9,31 9,30 9,01 9,30 9,44 
 
Figs 2  –  7 present the graphite precipitates and cast iron 
microstructure subsequently for heats No. 1 – 6. 
 
a) 
 
b) 
Fig. 2. Cast iron from the heat No. 1;  
a) shape and size of graphite precipitates (non-etched 
microsection, magn. 100×; b) cast iron microstructure 
(microsection etched with Nital, magn. 400×) 
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b) 
Fig. 3. Cast iron from the heat No. 2;  
a) shape and size of graphite precipitates (non-etched 
microsection, magn. 100×; b) cast iron microstructure 
(microsection etched with Nital, magn. 400×) 
 
a) 
 
 
 
 
 
 
 
b) 
Fig. 4. Cast iron from the heat No. 3;  
a) shape and size of graphite precipitates (non-etched 
microsection, magn. 100×; b) cast iron microstructure 
(microsection etched with Nital, magn. 400×) 
 
a) 
 
b) 
Fig. 5. Cast iron from the heat No. 4;  
a) shape and size of graphite precipitates (non-etched 
microsection, magn. 100×; b) cast iron microstructure 
(microsection etched with Nital, magn. 400×) 
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b) 
Fig. 6. Cast iron from the heat No. 5;  
a) shape and size of graphite precipitates (non-etched 
microsection, magn. 100×; b) cast iron microstructure 
(microsection etched with Nital, magn. 400×) 
 
a) 
 
 
 
 
 
 
b) 
Fig. 7. Cast iron from the heat No. 6;  
a) shape and size of graphite precipitates (non-etched 
microsection, magn. 100×; b) cast iron microstructure 
(microsection etched with Nital, magn. 400×) 
 
 
3. Conclusions 
 
The paper presents the results of investigations allowing for 
determining the influence of cerium mischmetal and 
75%  ferrosilicon on the structure of cast iron containing 
3.1%÷3.5% of aluminium and relatively low silicon level of about 
0.6%. Also the manganese content has been relatively low 
(0.04%). The treated cast iron has been a hypereutectic alloy 
(SC ≈ 1.25) and exhibited the relatively high carbon content (circa 
4.3%; see the heat No. 0 in Table 1). 
The treatment of  low-aluminium cast iron with cerium 
mischmetal and ferrosilicon has lead to the change in both 
chemical composition, matrix structure, and the shape of graphite 
precipitates. 
For the cast iron from heats No. 1, 2, and 3, treated with 
0.1wt-% of cerium mischmetal and ferrosilicon added in amounts 
of 0.5%, 1.0%, and 1.5%, respectively, it has been found that 
(see Table 1): 
−  the silicon content increases from ca. 0.6% (in the prior-
to-treatment cast iron) to 0.9%, 1.3%, or 1.5%, 
respectively; it is a result of introducing this element as 
a component of graphitising modifier; 
−  the carbon content decreases as the silicon content 
increases (from the ca. 4.3% to 4.2%, 4.1%, or 4.0%, 
respectively). 
Though the cast iron matrix for the heat No. 0 has been the 
pearlitic-ferritic one (P85/Fe15; see Fig. 1), it has changed to the 
ferritic-pearlitic one (P6/Fe94) after the performed treatment, but 
an increase in the used quantity of ferrosilicon has not resulted in 
an increase of the ferrite quantity for the cast irons from heats 
No. 1-3 (compare data in Tables 1 and 2, and Figs 2, 3, and 4). 
For cast irons from heats No. 4, 5, and 6 an increase in silicon 
content has also accompanied the increase of the quantity of 
FeSi75% used for treatment, as it has been for heats No. 1, 2, 
and  3. Simultaneously to this increase in silicon content, 
a  decrease in carbon content has occurred (compare data from 
Table  1). Application of greater amount of cerium mischmetal 
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1.5%, respectively, for the treatment performed during the heats 
No. 4, 5, and 6 has not allowed for obtaining the almost pure 
ferritic matrix, as it has happened for cast iron from the heats 
No. 1-3. However, the quantity of ferrite in the cast iron structure 
has increased with an increase in silicon content (compare data in 
Tables 1 and 2, and Figs 5, 6, and 7). 
The quantities of cerium mischmetal and ferrosilicon used for 
the treatment of the low-aluminium cast iron have been close to 
the optimum values equal to 0.11% and 1.30% [1, 11] as far as the 
effectiveness of spheroidization process is concerned for cast iron 
containing about 3% of aluminium, and silicon in the amount of 
3-4%. It is reported that applying both of these substances in the 
given optimum quantities has enabled to achieve about 50% 
degree of graphite spheroidization. The examinations held by 
means of computer image analysis have shown (Table 3) that 
maximum degree of graphite spheroidization achieved in the 
present research work (defined as the ratio of the area of graphite 
precipitates exhibiting the shape factor F ≥ 0.04 to the total area 
occupied by graphite precipitates) is also close to 50%. For the 
cast iron treated with cerium mischmetal in the quantity of 0.1%, 
an increase in ferrosilicon quantity from 0.5% to 1.5% has 
resulted in an increase in the graphite spheroidization degree from 
ca. 29% to ca. 51%. Similarly, increasing the FeSi quantity in the 
case of cast iron treated with 0.2% of cerium mischmetal (cast 
iron from heats No. 4, 5, 6) have lead to the increase of the factor 
under consideration from about 44% to about 50%. 
If it is assumed that graphite precipitates of shape factor 
F ≥ 0.06 can be classified as nodular graphite, then an increase of 
ferrosilicon addition from ca. 0.5% to ca. 1.15% causes: 
−  an increase in nodular graphite percentage from the value 
of about 8% to about 24% in the case of cast iron with 
0.1% addition of cerium mischmetal; 
−  occurring of the nodular graphite in the percentage falling 
within the range of 15% ÷ 19% in the case of cast iron 
with 0.2% addition of cerium mischmetal. 
It is characteristic that the percentage of vermicular graphite 
(i.e. the precipitates for which 0.02 ≤ F ≤ 0.06) almost does not 
depend on the ferrosilicon content for the cast iron treated with 
0.1% addition of cerium addition, and falls within the range of 
53%  ÷  58%. For the cast iron treated with 0.2% of cerium 
mischmetal the percentage of vermicular graphite increases from 
about 57% to about 68% as the ferrosilicon quantity increases 
from 0.5% to 1.5%. 
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